Abstract
Introduction

33
Global surface temperature is projected to rise a few degrees by 2100. Oceans 34 absorb 93% of heat imbalance at the top of the atmosphere (Church et al. 2011; 35 Levitus et al. 2012; Balmaseda et al. 2013) , and this ocean heat storage slows down 36 the rate of surface warming and causes sea level to rise. Oceans are in motion, and the 37 heat transport by changing currents affects atmospheric circulation and regional 38 climate (Zhang and Delworth 2005; Timmermann et al. 2007 ).
39
The anti-cyclonic subtropical gyres are driven by wind stress curls between the ranging from 6m at the surface to 250m at the ocean bottom. To give better 84 topographic representation, the partial step scheme is applied to the bottom grid-cell; 85 thus, the thickness in the bottom grid-cell can vary with location. All spatial grid 
88
The vertical viscosity and diffusion coefficient are parameterized using a 89 one-equation turbulent kinetic energy (TKE) scheme (Blanke and Delecluse 1993).
90
Lateral diffusion by eddies is parameterized (Gent and Mcwilliams, 1990) . The eddy 
128
The thickness of the upper layer 1 h and lower layer 2 h obeys
131
The momentum equations of the first and second layers are:
experiments; 3) stratification change only; 4) e h change only; and 5) 1 f change only. 
where  denotes the difference of RCP4.5 minus historical experiments. We assume 148  and other parameters are fixed and focus on the corresponding physics associated shoaling is linearly proportional to the mean thermocline depth. 
b. Effects of wind, SST and SSS in OGCM
198
To investigate the cause of the subtropical change discussed above, we used the (Fig. 7c) .
284
Since this effect is inversely proportional to the mean thermocline depth (term I in Second, surface warming strengthens the density stratification. Enhanced 288 stratification shoals the thermocline throughout the subtropical gyre to satisfy 289 Sverdrup dynamics (Fig. 7d) . The thermocline shoaling is linearly proportional to the 
Summary and discussion
314
In conclusion, our study reveals a robust pattern of the subtropical gyre response 315 to global warming, a pattern common to all CMIP5 models. Under surface warming, 
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